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L ife expectancy at birth represents the average number of years a group of infants can expect to live if they are subject to the age-specific death rates prevailing in the population at their time of birth. 1 It is a measure often used as a barometer of the health and well-being of a population. Children born in Wisconsin between 2010 and 2014 have, on average, a life expectancy of 79.6 years. 2 This life span, however, varies substantially depending on where in the state a baby is born. For instance, children born in Milwaukee County during the same time period have a life expectancy of 77.6 years, which is tied with Forest County for having the state's fifthshortest life expectancy at birth (Menominee County has the state's shortest life expectancy at 72.5 years). 2 In comparison, children born in Kewaunee County have a life expectancy of 82.0 years, which is higher than any other county in Wisconsin and more than 4 years longer than for children born in Milwaukee County. 2 Much of the analysis of life expectancy at birth in Wisconsin has focused primarily on counties, revealing the 9.5-year difference between Menominee and Kewaunee counties. 2, 3 However, analyses elsewhere have revealed very important geographical differences in life expectancy within counties at the zip code
Purpose
Life expectancy at birth is used as a barometer of the health and well-being of a population. Life expectancies vary widely across Wisconsin counties. While much of the analysis of life expectancy in Wisconsin has focused on counties, there may be important differences in life expectancy within counties by zip code.
Methods
To calculate life expectancy, death count data and population estimates were entered into an abridged life table using the Chiang methodology. Data were linked with measures from the American Community Survey to examine the relationship between life expectancy and zip code characteristics.
Results
Life expectancy varies greatly across zip codes in Milwaukee County. Overall, there was a 12-year difference in the life expectancy of children born into zip codes with the lowest and highest life expectancy: 53206 (71.3 years) and 53217 (83.2 years). There was a strong positive correlation between life expectancy and median household income (r=0.784, P<0.0001), educational attainment of a bachelor's degree or higher (r=0.741, P<0.0001) and the socioeconomic index combining education and income (r=0.819, P<0.0001).
level. 4, 5 Therefore, children born into different zip codes in Milwaukee County (or other counties throughout Wisconsin) --even if those zip codes are only a few miles apart --might have very different life experiences. This may lead to some children having much shorter life expectancies than others, even within a single county. To our knowledge, life expectancy analysis at the individual zip code level has not been done in Wisconsin, although it has been conducted in other cities and counties in the United States. 4, 5 As described in the County Health Rankings Model, 6 there are many factors that contribute to health outcomes such as length of life (life expectancy). Access to health care is one of them. However, it is important to recognize that access to health care, while necessary, is not the primary driver of life expectancy. 6 In fact, geographical disparities in life expectancy are not primarily driven by differences in health care access or quality, but rather mainly by differences in the social, economic and environmental conditions in which children are raised. 6 According to the County Health Rankings Model, only 20% of the factors contributing to health outcomes like life expectancy can be attributed to access to and quality of health care, whereas 50% are driven by a combination of social and economic factors and the physical environment. 6 Subsequent analyses have confirmed these model weightings. 7 Various health, religious and community agencies within Milwaukee County have expressed interest in comparing the life expectancy at birth of children born into different Milwaukee zip codes. This analysis will measure and examine intracounty differences in life expectancy by analyzing life expectancy at birth for children born into each of the 35 zip codes in Milwaukee County. It also will examine some of the social and economic factors within each zip code that may contribute to any geographical disparities in life expectancy.
METHODS
Life expectancy at birth by zip code is an estimate of how long a child born into a particular zip code (based on the child's zip code of residence at the time of birth) can be expected to live, assuming that the age-specific mortality rates that exist in that zip code (at their time of birth) remain the same throughout the child's life. 1 Table 1 for sociodemographic characteristics of quintiles. 10 Correlations between life expectancy and selected zip code characteristics are shown in Figures 3-5 .
There was a strong positive correlation between life expectancy and median household income (r=0.784, P<0.0001, r 2 =0.615; Figure 3 ), educational attainment of a bachelor's degree or higher (r=0.741, P<0.0001, r 2 =0.545; Figure 4 ), and the combined education and income socioeconomic index (r=0.819, P<0.0001, r 2 =0.671; Figure 5 ). Based on the r 2 values for each zip code measure, 55% of the variation in life expectancy is explained by variations in educational attainment, 62% of the variation in life expectancy by zip code is explained by variations in median household income, and a full 67% is explained by variations in the combined income and education socioeconomic index.
DISCUSSION
Throughout Milwaukee County there are very clear differences in how long a baby can be expected to live based on the zip code in which they are born. The 12-year difference in the life expectancy of children born into zip codes with the lowest and highest life expectancy within the county greatly exceeds the differences between Wisconsin counties overall. Yet these disparities by zip code are very consistent with disparities seen in other health outcomes by zip code such as infant mortality, teen births, lead poisoning and obesity. [11] [12] Disparities in life expectancy by zip code are due to a number of factors. Access to health care and the quality of health care a person receives throughout his or her life are important and necessary components to determining how long a person will live. 6 However, studies have suggested that health and longevity may be more strongly influenced by social and economic factors such as income, education, employment, social support and the level of community safety that residents living in each zip code are experiencing. 6, 7 Results from the Pearson correlation analysis showed very strong associations between life expectancy at birth in Milwaukee County zip codes and income, education and the combined income and education socioeconomic status index. This strongly suggests that children born into zip codes with a higher median household income, higher levels of education and higher overall socioeconomic status can expect to live significantly longer on average than children born into zip codes with lower levels. Results also revealed that It is not surprising that both income and educational attainment were highly correlated with life expectancy, not only based on what is known about the power of social and economic factors in determining health outcomes, but also because income and educational attainment are themselves generally highly correlated. In fact, we found a high correlation between income and educational attainment across Milwaukee County zip codes (r=0.735, P<0.0001, r 2 =0.541).
The results of our analysis are very similar to the findings of life expectancy analyses performed in other locations. One example of this lies in California. In the 2011 report by Measure of America, life expectancy analysis was conducted at various geographical levels, including the state, county, metro area and neighborhood levels. 13 Although their analysis did not include zip code, authors Burd-Sharps and Lewis did find that the greatest geographical variations in health outcomes (including life expectancy), as well as health factors such as education and income, were within rather than between counties. 13 They discovered almost a 12-year difference between the neighborhood clusters with the lowest and highest life expectancy at birth. 13 The neighborhoods with the lowest life expectancy also had the lowest percentage of people with at least a bachelor's degree, the lowest median income earnings and the worst scores on the American Human Development Index (which measures the level of household and community risks to healthy child development and well-being) when compared to neighborhoods with higher life expectancies. 13 There are a number of mechanisms by which social and economic factors can influence health outcomes such as life expectancy. 14 physiology through chronic elevations of stress hormones, epigenetic changes and other biologic mechanisms across the life course. 14 People who have higher levels of income, for instance, have greater access to health care, are able to practice healthier behaviors due to greater access to grocery stores and/ or safe and walkable neighborhoods, are able to pursue higher levels of education (and thus safer and better paying jobs), and often have lower levels of chronic, toxic, unmitigated stress.
Although we (and others) have shown dramatic differences in life expectancy and other health outcomes at the zip code level, it does not follow that only specific zip codes should be necessarily targeted for policy or programmatic interventions. The chances that a given individual will be healthy or not are driven by socioeconomic factors at both the individual level (eg, a given patient's own level of income or education, or other sources of chronic stress) and the community level (eg, the degree of concentrated disadvantage that a given patient is exposed to in their community). But even individuals who are not exposed to high levels of concentrated disadvantage or other forms of chronic stress in their zip code of residence will be likely to have poorer health outcomes if they are relatively worse off educationally or financially, for example.
Moreover, although our study focused on Milwaukee County, these higher-risk social and economic factors can be present at the individual level in every county and zip code of the state. They also may be found at the population level in many counties, zip codes and neighborhoods in the state, even those that may seem superficially quite different from Milwaukee County. For example, many rural Wisconsin counties have high levels of poverty and unemployment or underemployment, while even some affluent suburban counties have significant pockets of poverty.
Therefore, while some policy changes might make sense at the zip code level (for example, increasing the availability of public transit in a particular zip code), many other policy-level interventions may be more effective at the state or federal level (for example, expanding the earned income tax credit (EITC), which would support health by helping lift all working poor families out of poverty, regardless of the zip code of the residence).
More specifically, since income and educational attainment are so highly correlated, evidence-based interventions to improve circumstances in either policy area (either income-related such as expanded EITC, living wage and transitional jobs, or educationrelated such as Head Start, universal pre-K and highschool retention programs) are likely to improve life expectancy. 15 Other policy areas with evidence-based policy solutions that would improve health outcomes include employment, community safety, family and social support, criminal justice, built environment, housing and transit, among others. 16 Health care practitioners and health care systems cannot expect improved population-level health outcomes (including life expectancy) if they focus solely on the provision of health care and do not more strongly involve themselves in social and policy-level activities necessary to improve the conditions for healthy, long, productive lives. Multiple authors [17] [18] and professional organizations (eg, American Academy of Pediatrics) 19 have underscored the need to positively influence socioeconomic conditions while still providing accessible high-quality health care.
In their 2014 commentary, Swain et al provide detailed recommendations for concrete actions that health care professionals and others can and should take. 14 Their recommendations include: 1) screening patients during clinical encounters for socioeconomic issues like access to basic needs (eg, food, employment, benefits, education); 2) coordinating services for individual patients by partnering with social workers, health advocates, community health workers and similar professionals to connect patients with the basic resources they need; 3) advocating for prohealth social and economic policies to help decision-makers understand the outsized impact that social and economic policies can have on a person's ability to be healthy; 4) working collectively with medical and health professional groups to address social determinants of health; and 5) being persistent, as policy change is often a gradual process. 14
CONCLUSIONS
Life expectancy at birth varies greatly across zip codes in Milwaukee County. Overall, there was a 12-year difference in the life expectancy of children born into zip codes with the lowest and highest life expectancy within the county. These intracounty differences greatly exceed the differences between Wisconsin counties overall, and they are strongly correlated with differences in social and economic factors across zip codes. To improve health outcomes such as life expectancy, health care practitioners and health care systems must become more involved in various activities at the individual level and at the policy level to improve the social and economic conditions necessary for their patients to live healthier and longer lives.
Patient-Friendly Recap
• How long people can expect to live can be dramatically different depending on where they reside at birth.
• The authors compared data on life expectancy at birth among zip codes within one urban county (Milwaukee, Wisconsin) and found stark differences that were strongly associated with social and economic factors.
• These factors likely drive other health disparities, not only urban but rural areas as well.
• Health practitioners may help reduce these disparities by seeking ways to improve social and economic conditions, thereby allowing their patients to live healthier, longer lives.
Conflicts of Interest
None.
